We studied the relationship between staining intensity of immunohistochemical reaction and antigen content in sections. Alpha-fetoprotein (AFF') and albumin in sections cut ftom livers of newborn, 5-, to-, 20-, and 6o-day-old rats were examined as examples. First, we compared average immunostaining intensity (sum of specific absorbance in pixell number of pixels) measured by image processing (IP), with antigen content measured by immunochemical assay to determine whether the intensity is proportional to antigen content. The intensity of AFF' was proportional to the antigen content, whereas that of albumin was not. Subsequently, the antigen preservation test was carried out to determine whether the intensity was deaeased by fixation and, if so, which type of decrease (proportional or disproportionate) occurred. Thereafter, antigen content in the same portion in the same immunostained seaion was measured by the
Introduction
Recently, video image processors and microphotometers have been used to quantitate the staining intensity of enzyme immunohistochemical reactions (Akner et al., 1994; Alford et al., 1994; Coventry et al., 1994; Verschure et al., 1994; Watanabe et al., 1991 Watanabe et al., ,1993 Watanabe et al., ,1994 Dodge et al., 1993; Shimid et al., 1993; Carter et al., 1992; Dobado-Berrios et al., 1992; Kayser et al., 1991) . When immunostaining intensity in a section is proportional to amount of an antigen in the section, antigen content in the section can be measured by quantitative immunohistochemical methods (Dobado-Berrios et al., 1992; Watanabe et al., 1991; Chu et al., 1989; Nibbering and van Furth, 1987) .
However, various factors such as steric hindrance, antibody trapping, and a high antibody concentration impede binding of antibody to antigen in sections if antigen content in portions of the sections is high, leading to a disproportionate decrease in antibody binding in the sections, i.e., the intensity decreases markedly in portions in which antigen content is high, whereas it decreases Supported by grants from the Japanese Ministry &Education, Science Correspondence to: Dr. Jun Watanabe, Dept. of Anatomy, Kansai and Culture (04857006, 05770022, and 06670041).
Medical Univ., 10-15 Fumizono-cho, Moriguchi, Osaka 570, Japan. microphotometric (MP) method followed by the IP method, because the MP method gives a low average antigen content when a decrease in antibody binding occurs in sections, whereas the average antigen content measured by the IP method is unchanged. The intensity of AFP decreased primarily by a proportional decrease in antigenicity during fuation. Howepzr, the intensity of albumin deaeased not only by a proportional decrease during fmtion but also by a disproportionate reduction in antibody binding during immunostaining or before Fition. The results indicate that AFF' content in sections is measurable by quantitative immunohistochemical methods, whereas albumin content is not. ( J Histochem Cptochem 4&:1451-1458, 19%) KEY WORDS: Quantitative immunohistochemistry; Microphotometry; Image processing; Staining intensity; Antigen content. slightly in portions in which the content is low (Watanabe et al., 1991 (Watanabe et al., ,1994 Raivich et al., 1993; Riederer et al., 1993; Chu et al., 1989; Riederer, 1989) . In these cases, the intensity is not proportional to antigen content. The relationship between the intensity and content of an antigen should therefore be examined.
The present study was undertaken to establish a method for examining the relationship between immunostaining intensity in sections and antigen content. Alpha 1-fetoprotein (AFP) and albumin in sections cut from livers of newbom, 5-, lo-, 20-, and 60day-old rats were examined as examples. First, we compared average specific immunostaining intensity (sum of specific absorbance in pixellnumber of pixels) measured by image processing with antigen content measured by immunochemical assay to determine whether the intensity is proportional to antigen content. Subsequently, the antigen preservation test (Riederer et al., 1993; Watanabe et d., 1991; Riederer, 1989) was carried out to determine whether the intensity decrease caused by fixation is due to denaturation of antigen epitopes and, if so, to measure the extent to which the intensity decreased. Thereafter, antigen content in the same portion in the same immunostained section was measured by two quantitative immunohistochemical methods: the microphotometric (MP) method (Watanabe et al., 1991 (Watanabe et al., ,1993 and the image processing (IP) method (Watanabe et al., 1994) . When a decrease in antibody binding occurs in sections, the MP method gives a low aver-age antigen content (Watanabe et al., 1991 (Watanabe et al., ,1993 , whereas the average antigen content measured by the IP method is unchanged (Watanabe et al., 1994) . Therefore, we compared antigen content measured by the MP method (MP value) with that measured by the IP method (IP value). The MP value was corrected by using results of the antigen preservation test to minimize the effect of denaturation of antigen epitopes during fixation, and the corrected MP value was compared with the IP value to determine whether the reduction in immunostaining intensity is due to other factors, such as steric hindrance and antibody trapping during immunostaining.
Materials and Methods
Animals and Tissue Preparation. Fifty-five male Sprague-Dawley rats, newbom, 5-, lo-, 20-, and 60-day-old, were used. Fifteen 60-day-old animals were allowed free access to food and water before the experiments. Ten 5-day-old animals, 15 10-day-old animals, and 10 20-day-old animals were kept with their mothers before the experiments. Fifteen newborn animals were used within 12 hr after birth (0-day-old animals).
Under sodium pentobarbital anesthesia, livers of five newborn, infant, or adult animals were perfused briefly with saline, followed by cold 0.1 M phosphate buffer containing 4% paraformaldehyde (pH 7.2). for 15 min via the portal vein. Small blocks cut from the perfused livers were removed and washed with PBS containing 8% sucrose at 4°C for 2 hr. Serial frozen sections were cut at 6 pm thickness, and placed on poly-L-lysine-coated glass slides. Serial unfixed frozen sections were cut from livers of five newborn, infant, or adult animals perfused briefly (2 min) with saline. Some of the unfixed sections were immersed in the cold fixative for 15 min, whereas the adjacent sections were immersed in cold PBS instead of the fixative.
For nitrocellulose binding assay or biochemical assay, livers of five newborn, infant, or adult animals were perfused with cold saline as described above for 10 min under anesthesia. The perfused livers were removed, homogenized with 9 volumes (wlv) of ice-cold 0.25 M sucrose, and mixed with an equal volume of 0.1 M Xis-HC1 buffer containing 1.4% (vlv) Triton N-101. Some ofthe fixed and unfued sections (20 sectionslexperiment) were similarly homogenized.
Immunohistochemical Method. A pair of the serial sections were immersed in 70% (vlv) methanol containing 0.3% hydrogen peroxide at 20'C for 30 min, washed with PBS (three times for 5 min), and soaked in 3% (wlv) bovine serum albumin (BSA) at 4'C for 12 hr. One section was incubated with 0.1 ml of PBS (pH 7.2) containing anti-rat AFP sheep IgG (1 mglml; Nordic. Tilburg, Netherlands), or anti-rat albumin rabbit IgG (1 mglml; Cappel, West Chester, PA), and the other sectian was incubated with 0.1 ml of normal serum (NS; normal rabbit or sheep serum diluted 1:lO with PBS) at 4'C for 12 hr. There was a single stained band at about 64 KD (for AFP) or 68 KD (for albumin), as revealed by SDS-PAGE followed by Western blotting.
After washing with PBS, the sections were incubated with 0.1 ml of PBS including HRP-labeled anti-sheep IgG-rabbit IgG (2 mg IgGlml, Cappel; for AFP) or HRP-labeled anti-rabbit IgG-goat IgG (2 mg IgGlml, Cappel; for albumin) at 2O' C for 30 min and washed again with PBS. Then the sections were stained at 2O'C for 20 min with 0.1 ml of PBS containing 0.3 mg diaminobenzidine and 0.03% (vlv) hydrogen peroxide. The stained sections were washed with PBS and mounted in glycerol.
Microphotometric Method. Microphotometric analysis was carried out as described previously (Watanabe et al., 1991 (Watanabe et al., ,1993 . Briefly, portions of sections were analyzed at 460 nm with a spot size of 4 wm with a KWSP-1 microphotometer (Watanabe and Kanamura, 1991) . The specific absorbance due to the antigen was calculated by subtracting the absorbance ofthe xction with the normal serum from that measured in the corresponding por-tion of the adjacent section incubated with the primary antibody. The specific absorbance was converted into the molar antigen content using an apparent extinction coefficient obtained from the nitrocellulose binding assay.
For the nitrocellulose binding assay, a homogenate containing a known amount of antigen was diluted serially with PBS containing 0.7 % (vlv) Triton N-101. Aliquot (1 pl) of the diluent were applied to a pair of nitrocellulose membranes (1 x 5 cm). After blocking of endogenous peroxidase activity and nonspecific binding as above, one membrane was incubated with 1 ml of the primary antibody solution and the other was incubated with 5 ml of normal serum under the conditions described above. After washing with PBS containing 0.1% Tween 20 (PBS-Tween 20). the membranes were incubated with 5 ml of the secondary antibody solution, washed again with PBS-Tween 20, and stained with 5 ml of PBS containing 15 mg diaminobenzidine plus 0.03% (vlv) hydrogen peroxide at 20'C for 20 min. The stained membranes were washed with PBS-Tween 20, air-dried, set of glass slides, and embedded in immersion oil to clear nitrocellulose membrane. The slides were set in the microphotometer and analyzed as above.
Image Processing Method. After the MP analysis, the sections were subjected to image processing as recently described (Watanabe et ai., 1994) , with a modification. In brief, the sections were set in an Axiovert microscope (Carl Zeiss; Oberkochen Germany) equipped with an IP-470 interference filter (Nikon; Tokyo, Japan) and linked to an ARGUS 100-VEC video image processor (Hamamatsu Photonics; Hamamatsu, Japan). Microscopic images containing the same portions analyzed by the MP method in the sections were taken under constant electrical and optical conditions. In our recent study, staining intensities in the most strongly stained portions were set below the maximal pixel intensity (Watanabe et al., 1994) . In the present study, however, we set the maximal gray level as 100% transmission and the minimal gray level as 0% transmission. Then the image was inverted for image analysis to facilitate the measurement of pixel intensity. The intensities were measured as gray levels ranging from 0 (black) to 255 (white), and then the levels were converted into absorbance (= log 255l255 minus gray level). The average gray level-based absorbance in widely defined areas of the sections (0.95 x 0.95 mm; AISab) and absorbances in the same portions measured by the MP Method (3.9 x 3.9 pm; SIPab) were analyzed. The average gray level-based absorbance in a widely defined area of the adjacent section incubated with normal serum (AISns) and absorbances in corresponding portions (SIPns) were also measured to examine the nonspecific staining. The sum of specific staining intensity measured in the wide areas [Z(AISab-AISns)] corresponds to the antigen content in the tissue. Therefore, the molar antigen content in each portion (AgC, mollliter) can be calculated as follows:
where Z(A1Sab-AISns) = a sum of specific average absorbance of widely defined area. Nab = number of sections used for the measurement of AISab or AISns, and AgBC = antigen content in tissues measured by biochemical methods.
Antigen Preservation Test. To determine the effect of fixation on antigenicity of antigen in nitrocellulose membranes or sections, the antigen preservation test of Reiderer (1989). Watanabe et al. (1991 ). or Reiderer et al. (1993 was used. For membranes, four antigen-blotted nitrocellulose membranes was divided into two pairs. One pair of membranes was immersed in the above-mentioned fixative (fixed membranes), and the other pair of membranes was immersed in PBS (unfixed membranes) at 4'C for 15 min. Then the fued or unfiied membranes =re processed for the nitrocellulose binding assay, followed by microphotometry as described above. For sections, four serial fresh-frozen sections were used. Two of the four x ctions were immersed in the fixative and the other two sections were immersed in PBS (unfixed sections) at 4'C for 15 min. Thereafter, the fixed sections were processed for immunohistochemistry followed by MP as above.
The unf'iied sections were incubated with the primary antibody, immersed in the a h -m e n t i o n e d cold fixative for 15 min, washed again, and incubated with the secondary antibody as above. Then the ratio of specific absorbances in f i e d membranes or sections to those in unfiied membranes or sections ( F N ) was obtained. The MP value obtained as above was corrected by the results of the antigen preservation test to minimize the effect of fixation on antibody binding as follows:
To examine the loss of antigen from sections, fixed or unfixed sections (about 50 mg wet weight) were immersed in 19 volumes (w/v) of PBS at 4'C for 15 hr, and the content of antigen extracted in PBS was determined by enzyme immunoassay (for AFP) or radial immunodiffusion and a dye method (for albumin) as described below after removal of sections from PBS by centrifugation at 4°C for 60 min at 100,000 x g.
Measurement of Antigen Content in Hepatocyte Cytoplasm. Eight hepatocytes lying within a three-cell radius surrounding the central venule or portal area (perivenular or periportal hepatocytes) and hepatocytes lying on either side of the midline between the venule and the area (midzonal hepatocytes) were analyzed per section. Howmr, it is unclear whether hepatocytes surroundmg laqc central w i n s arc truly periwnulv and whether those localized more than 400 pm apart from the veins or portal areas are truly midzonal (Ekataksin and Wake, 191 ; h e r s et al., 1987). These hepatocytes were therefore not numined in the present study. Four difkrent portions in hepatocyte cytoplasm were measured per one cell for obtaining SIPab or SiPns. and then AISab or AISns was measured in a widely dcfned area (0.8 x 0.8 mm), which contained pcripod, midzonal, and periwular hepatocytes, per section. A total of 96 cells (32 cells/each zone) were examined per animal.
Biochemical Methods. Albumin content was measured by radial immunodiffusion with the Rat Albumin SRID kit (Binding Site; Birmingham, UK) or by the bromocresol green method of Doumas et al. (1971) .
If samples contained a small amount of albumin, the protein was concentrated before the measurements according to the procedure of Guillouzo et al. (1976) . In short, albumin precipitated with 10% (wlv) trichloroacetic acid was dissolved in a small volume of ethanol and dialyzed against 1000 volumes of PBS at 4'C overnight. AFP content was measured by enzyme immunoassay (EIA) using the AFPEIA test kit ( W h Junyaku; Osaka, Japan). For this test, AFP purified from the placenta ofpregnant rats or pooled fetal serum was used as a standard specimen. AFP was purified by 43% saturation ammonium sulfate precipitation, followed by affinity chromatography using a CNB-Sephanose column (Pharmacia; Uppsala, Sweden) coupled to antihFP antibody according to the method of Nishi and Hirai (1972) . In the present study we used the above-mentioned anti-AFP or antialbumin antibody in place of that in the albumin or AFP kit.
Analysis of Other Proteins. To assess whether the present method is applicable to other proteins, NADPH-cytochrome P-450 reductax and cytochrome F450 2B in rat liver sections were examined as above. The properties of the anti-NADPH-cytochrome P-450 reductase antibody were reported earlier (Watanabe et al., 1991 (Watanabe et al., ,1334 . Anti-cytochrome P-450 2B antibody was obtained from Daiichi Kagaku (Tokyo, Japan). Biochemically, the content of NADPH-cytochrome P-450 reductase or that of cytochrome P-450 2B was measured by competitive enzyme immunoassay (Watanabe et al., 1991) . Stltistiral Analysis. Multiple independent data were subjected to statistical analysis using analysis of variance followed by Duncan's multiple-range test. Matched-pair data were subjected to the Ftest followed by paired Stu- 
Results
The optimal concentration of primary antibody was determined by measuring immunostaining intensity in sections incubated with various concentrations of anti-AFP or anti-albumin antibody bcfore the experiments (Figure 1 ) . When serial liver sections from newborn animals were incubated with anti-AFP antibody, the intensity increased with increasing Concentration of the antibody up to 0.2 mglml, and then leveled off. A concentration higher than 0.2 mglml should therefore be employed to follow saturation kinetics. We therefore used a higher Concentration of anti-AFP antibody (1 mglml). In the case of albumin, however. there was a bell-shaped relationship between staining intensity and the concentration of anti-albumin antibody, showing a peak at 1 mglml IgG. We selected the peak Concentration (1 mglml) in the present study.
Al'pha lsfetoprotein
As shown in Table 1 immunoassay (immunochemical ratios). However, specific binding of antibody decreased to about 80% in antigen-blotted nitrocellulose membranes and in fixed sections (Figure 2) . The proportion of decrease in the staining intensity due to fixation was almost constant in the membranes or sections, even when the amount of antigen was changed; the fixation caused a proportional decrease in antibody binding in the membranes or sections. Loss of AFP from the fixed or unfixed sections, as measured.by enzyme immunoassay, was negligible (fixed 1-3%; unfixed 1-5%) . AFP content in sections measured by the MP method (MP value) was lower than that measured by the IP Method (IP value) before correction for the effects of fixation using the coefficient F/U (Figure 3) . After correction, the values became similar the IP values. In newborn animals, AFP content in the cytoplasm of hepatocytes was constant throughout the liver lobule ( Figure 4 ; Table 2 ). In 5-, lo-, and 20-day-old animals, the content in periportal hepatocytes was higher than that in midzonal or perivenular hepatocytes (p < 0.05), whereas there was no significant difference in the content between midzonal and periportal hepatocytes. In 60-dayold animals, AFP content was very low throughout the liver lobule.
ALbumin
Average absorbance in sections measured by IP was not proportional to the antigen content in liver homogenates measured by biochemical methods; in general, the immunohistochemical ratios were lower than the immunochemical ratios ( Table 3) . During fixation, the binding of antibody in antigen-blotted nitrocellulose membranes and that in sections decreased to 78% and 8194, respectively (Figure 5 ) . However, the proportion of decrease in the staining intensity due to fixation was almost constant in the membranes or sections, even when the amount of antigen was changed. Loss of albumin from sections was slight (fixed 3-5%; unfixed 3-7%) . Albumin content in sections measured by the MP Method was significantly lower than that measured by the IP method in all age groups ( Figure 6 ). After correction with the coefficient F/U, the resulting values were still lower than the IP values in all age groups. Sections stained with anti-albumin antibody are shown in Figure 7 .
Other Proteins
When the present method was applied to examine the NADPH-cytochrome P-450 reductase in rat liver sections, the antigen content measured by the MP method coincided with that of the IP method without any correction (18ble 4). When cytochrome P-450 2B was examined, the average staining intensity of the antigen in sections was proportional to biochemically measured antigen content, the antigen content measured by the MP method was Table 3 lower than that of the IP method without correction, and corrected MP value coincided with that of the IP Method after correction.
. Staining intensity measured in Liver sections by image processing and albumin content in liver tissues measured by immunoaifiusioiod

Discussion
In the present study we first examined the relationship between immunostaining intensity and antigen content by comparing average staining intensity (average absorbance; sum of specific abn P t; sorbance in pixellnumber of pixels) in sections measured by image analysis with the content measured by immunoassay. The intensity of AFP in rat liver sections was proportional to the antigen content, whereas that of albumin was not. The comparison of intensity in sections with immunochemical antigen content is therefore helpful to determine whether the intensity is proportional to the content. However, the examination did not reveal whether fixation led to a reduction of antibody binding in sections. Therefore, we carried out the antigen preservation test (Riederer et al., 1993; Watanabe et al., 1991 Watanabe et al., ,1993 Riederer. 1989 ) using the nitrocellulose model system. Immunostaining intensity of AFP decreased during fixation but did not decrease during washing and immunostaining. Furthermore, the proportion of decrease in the intensity due to fixation was almost constant when the amount of the antigen differed in sections or nitrocellulose membranes. Therefore, the decrease in staining intensity of AFP during fixation was attributed to a proportional decrease in antibody binding due to denaturing of antigen epitopes by fiition. In addition, the extent of decrease in the intensity during fixation (F/U) was obtained by this test.
Then the content of AFP in same portion in the same immunostained section was measured by the MP and IP methods. Although the staining intensity in sections measured by the two methods was identical, the resulting AFP content measured by the MP method was lower than that measured by the IP method. Antigen content measured by the MP method (MP value) decreases with decreasing antigenicity of antigen molecules in sections (Watanabe et al., 1991 (Watanabe et al., .1993 . whereas the content measured by the IP Method (IP value) is independent of the decrease in antigenicity, because the IP value is highly dependent on the content measured by biochcm- Table 4 
. Summary of results of the present method including AFP, albumin ( A B ) and other two proteins such as NADPH-cytochrome P-450 reductase (P-450 reductase) and cytochrome P-450 2B (P-450 2B) in rat liver sections
such a case, measurement of antigen content by quantitative immunohistochemical approach is impossible because the resulting immunostaining intensity does not reflect the antigen amount. Hence, the content of albumin in rat liver sections could not be measured in the present study. f Relationship between average staining intensity in sections and biochemically measured antigen content analyzed by regression analysis followed by multivariate analysis. 0, proportional; X, disproportionate. For this experiment, sections from liven of 0-, 5-, lo-. 20-. and 60-day-old rats (for AFF' and albumin; see tm) or those from livers of young adult rats (56-90-day-old) injected with or without phenobarbital (0, 40, or 80 mglkg, IP) were used (5 animllslage or experimental group).
ical methods (Watanabe et al., 1934) . Therefore, the binding of antibody to AFP decreased during tissue preparation. This is in agreement with the results of the antigen preservation test. However, by this measure alone we could not determine which step affects the antibody binding during tissue preparation, and whether the decrease in immunostaining intensity is due to a proportional or disproportionate reduction in antibody binding, or to both.
To answer these questions, the value F/U obtained from the antigen preservation test was used as a coefficient to correct the MP value. When the MP value was divided by the coefficient F/U, the resulting corrected MP value was similar to the IP value. Hence, the decrease in the intensity of AFP is attributed to furation-induced denaturation of epitopes of AFP molecules. The results of the abovementioned series of examinations indicate that the denaturation occurred homogeneously in sections, i.e., a proportional decrease in the antibody binding occurred. When a decrease in the i"unostaining intensity in sections is due to a proportional reduction in antibody binding, antigen content in sections is directly measurable by the IP method (Watanabe et al., 1994) ; the method is adequate to measure AFP content in sections. A combination of the MP method with the antigen preservation test is also useful to measure AFP content in sections.
The results for albumin differed from those for AFP. The immunostaining intensity of albumin was not proportional to the antigen content. The intensity decreased during fixation and immunostaining. The decrease in the intensity during fmtion is attributed in part to a proportional reduction in antibody binding in sections owing to a loss of antigenicity of albumin by fixation-induced denaturation of epitopes. However, the corrected MP value was still lower than the IP value, indicating that a disproportionate decrease in the binding of anti-albumin antibody occurred in sections. In A disproportionate decrease in the binding of anti-albumin antibody may be attributed to steric hindrance and/or antibody trapping, both of which reduce the binding of antibody to antigen (Watanabe et al., 1991 (Watanabe et al., .1993 . Another possible reason for the disproportionate decrease in the binding of anti-albumin antibody is loss of antigen from sections during fixation and washing. Flitney (1966) showed that albumin was extracted markedly and rapidly from an albumin-gelatin gel. Although albumin was slightly extracted from liver sections after sectioning in the present results, there may be a loss of albumin from the sections during processing before sectioning. In addition, the effects of a high concentration of anti-albumin antibody on the antibody binding can not be ruled out. Although a high primary antibody concentration is necessary to follow saturation kinetics, Raivich et al. (1993) found a bell-shaped relationship between antibody binding and antibody concentration and suggested that the bell-shaped curve is due to unstable binding of antibody to antigen under very high antibody concentrations. When albumin was examined, a bell-shaped relationship was observed in the present study.
The series of examinations described in the present study is helpful to determine (a) whether immunostaining intensity is proportional to antigen content, (b) whether f i t i o n reduces the intensity, (c) which type of decrease (proportional or disproportionate) in the intensity occurs after fixation, (d) what extent of the intensity is decreased by fixation, and (e) which type of decrease in the intensity occurs during immunostaining. If a fixative causes a disproportionate decrease, other furatives or milder fmtion procedures may be tested as described by Chu et al. (1989) or by Riederer (1989) .
However, we could not determine by our series of examinations which factor leads a disproportionate decrease in antibody binding to sections, although effects of a high antibody conentration can be examined by the method of Raivich et al. (1993) .
When the present method was applied to the examination of NADPH-cytochrome P-450 reductase, the antigen content measured by the MP method coincided with that of the IP method without any correction. In previous experiments, the average staining intensity of the reductase was proportional to the antigen content measured by ELISA (Watanabe et al., 1991 (Watanabe et al., ,1993 (Watanabe et al., ,1994 . the decrease in immunostaining intensity of the reductase during tissue preparation and immunostaining was negligible (Watanabe et al., 1991) , and the coefficient derived from the antigen preservation test was about 1.0 (Watanabe et al., 1991) . These findings indicate the validity of the present method. The reductase content in rat liver sections is therefore measurable by quantitative immunohistochemical methods. The average staining intensity ofcytochrome P-450 2B was proportional to the biochemically measured antigen content, and the antigen content measured by the MP method coincided with that of the IP method after correction. Therefore, the cytochrome P-450 2B content in liver sections is also measurable, like AFP.
The average staining intensity of immunostained sections depends not only on the staining intensity measured in portions of positively Faindindividual cells but also on the number of positive cells (Matsuo et al., 1995) . When sections include very few positively stained cells, the average staining intensity depends primarily on the number of positive cells (Matsuo et al., 1995) . In such a case, tremendous numbers of sections should be examined to obtain an accurate average staining intensity.
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